ABSTRACT Non-invasive measurements were made of ventilation, its derivatives, the contributions of abdomen and ribcage and arterial oxygen saturation in six healthy normal men whilst awake and during sleep. Minute ventilation fell significantly during slow wave (SW) sleep and rapid eye movement (REM) sleep (awake = 6.3 1 min-', SW sleep = 5 7 1 min-', REM sleep = 5.4 1 min-1; p < 0.04). Mean inspiratory flow also fell significantly but timing was unchanged. The abdominal (diaphragmatic) contribution to ventilation fell very significantly during SW sleep but returned to awake levels during REM sleep (awake 54%, SW sleep 38%, REM sleep 56%; p < 0.007). There were also significant falls in arterial oxygen saturation during SW and REM sleep (awake 97*3%, SW sleep 96*5%, REM sleep 96-2%; p < 0.002). These falls represent reductions in arterial oxygen tension similar to those seen in patients with chronic airways obstruction and can be accounted for entirely by the associated reduction in ventilation.
Interest is growing in the relationship between abnormalities of nocturnal breathing and the development of daytime symptoms. This relationship is most clearly seen in the obstructive sleep apnoea syndrome.' It is, however, known that patients with hypoxic lung disease become even more hypoxaemic during sleep. 23 By analogy with obstructive sleep apnoea, it has been suggested that this extra hypoxaemia may hasten the development of cor pulmonale.45 Although the extra hypoxaemia was initially thought to occur in those with abnormal nocturnal breathing, later studies suggested that the drop in oxygen tension was similar throughout a large and varied group of patients with chronic airways obstruction and that the severity of the drops in oxygen saturation simply reflected their position on the oxyhaemoglobin dissociation curve.6 Thus the question arose whether patients with nocturnal hypoxaemia and normal subjects show similar falls in oxygen tension and in alveolar ventilation.
Patients with bilateral diaphragm paralysis suffer severe nocturnal hypoxaemia during rapid eye movement (REM) sleep.' The mechanism proposed is based on limited evidence that during REM sleep, breathing in normal subjects is mainly diaphragma-tic owing to physiological inhibition of the intercostal muscles.89 Consequently a patient depending entirely on his intercostal muscles would hypoventilate considerably during REM sleep. Patients with chronic airways obstruction and hyperinflation have diaphragms that are flat and at a mechanical disadvantage, leading to a smaller contribution by the diaphragm to their tidal volumes than in normal subjects.'" These patients may behave in a qualitatively similar way to patients with bilateral diaphragm paralysis, in that they may be more vulnerable to the inhibition of intercostal muscles during REM sleep and thus hypoventilate more than normal subjects. It is therefore important to know the extent to which the compartmental contribution to ventilation changes normally with sleep.
Previous studies of ventilation during sleep have had various limitations, the most important being the use of mouthpiece or masks. These are known to produce changes in the pattern of breathing, -'13 but their different effects on ventilation during wakefulness and sleep are not known. Recent evidence suggests that a mask enclosing both nose and mouth has little effect on respiratory rate during sleep, but that the sleep is more disturbed.'4 The best available study in normal subjects used a tight fitting mask and gave no information on the contributions from ribcage and diaphragm. ' 
Results
The table and figure 2 show the changes observed during SWS and REMS. Significant falls in ventilation and Sao2 occurred. The calculated fall in alveolar ventilation during REM sleep relative to awake periods (-20%) is exactly the amount required to produce a fall in Sao2 from 97-3% to 96-2% according to the computer model (an approximate fall in Pao2 from 96 5 mm Hg (12.9 kPa) to 82'5 mm Hg (11.0 kPa)). These falls in ventilation resulted almost entirely from changes in VT and VT/TI and not from changes in timing (f or TI/TTOT). The fractional abdominal contribution to ventilation fell during SW sleep but returned to awake levels during REM sleep. This implies that the actual ribcage and abdominal contributions to ventilation were equally reduced during REM sleep compared and awake periods. The ribcage contribution to ventilation, however, was actually higher during SW sleep than during awake periods even though overall ventilaVentilation and oxygen saturation during sleep tion fell. Snoring had a profound effect the proportions of ribcage and abdominal contributions. In the one subject who snored briefly during an early SW sleep period (not included in the analysis) the abdominal fractional contribution rapidly rose from 035 to 0-70, with a slight increase in minute ventilation that might have been an artefact due to rarefaction of intrathoracic gas with each breath. The changes from one sleep state to another were usually gradual and accompanied by progressive changes in the abdominal contribution (fig 3) . These findings show the importance of analysing periods that clearly represent one particular state and are not complicated by snoring. Figure 4 shows the changes in the coefficient of variation (minute to minute) for all the variables awake-periods and SW and REM sleep. While awake, a patient with poor diaphragmatic function can recruit intercostal muscles and accessory muscles of respiration. The 32% reduction in the ribcage contribution that we have observed during REM sleep could be critical to such patients in making these adaptations with primarily postural muscles no longer available. This change in pattern clearly needs to be confirmed in such patients before being put forward as the explanation for the larger falls in ventilation seen in patients with chronic airways obstruction.6 It is worth noting that the changes in derived Pao2 we have seen in the normal subjects are themselves sufficient to produce dramatic falls in Sao2 if the patient's daytime Sao2 is on the steep part of the oxyhaemoglobin dissociation curve (<85%).
In conclusion, we have found falls in ventilation and Sao2 during sleep in normal subjects that are sufficient to account for the larger falls in Sao2 seen in patients with hypoxic lung disease. The falls in ventilation were, however, not as great as those seen in some patients with chronic airways obstruction. We have shown changes with sleep state in the ribcage and abdominal contribution to ventilation that could have important consequences when diaphragmatic action is embarrassed.
